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 WKH WKLUG FRPSRQHQW LV XVHG WR UHSODFH )XOO\ &RQQHFWHG )& OD\HUV IRU SHVW FODVVLILFDWLRQ DQG
ERXQGLQJ ER[ UHJUHVVLRQ )XUWKHUPRUH ZH DSSO\ &RQWH[WXDO 5R, &RQWH[WXDO 5HJLRQ RI ,QWHUHVW DV
FRQWH[WXDOLQIRUPDWLRQRISHVWIHDWXUHVWRLPSURYHGHWHFWLRQDFFXUDF\:HHYDOXDWH3HVW1HWRQRXUQHZO\
FROOHFWHG ODUJHVFDOH SHVWV LPDJH GDWDVHW 0XOWLFODVV 3HVW 'DWDVHW  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 FDSWXUHG E\ RXU
GHVLJQHGWDVNVSHFLILFLPDJHDFTXLVLWLRQHTXLSPHQWFRYHULQJPRUHWKDQNLPDJHVZLWKRYHUNSHVWV
ODEHOHGE\DJULFXOWXUDOH[SHUWVDQGFDWHJRUL]HGLQFODVVHV([SHULPHQWDOUHVXOWVVKRZWKDWWKHSURSRVHG
3HVW1HWSHUIRUPVZHOORQPXOWLFODVVSHVWGHWHFWLRQZLWKPHDQ$YHUDJH3UHFLVLRQ P$3ZKLFK
RXWSHUIRUPVWKHVWDWHRIWKHDUWPHWKRGV
,1'(;7(506&KDQQHO6SDWLDO$WWHQWLRQ&RQYROXWLRQDO1HXUDO1HWZRUN0XOWLFODVV3HVW'HWHFWLRQ
3RVLWLRQ6HQVLWLYH6FRUH0DS5HJLRQ3URSRVDO1HWZRUN
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,QDJULFXOWXUHILHOGVSHFLDOL]HGFRQWURORIQXPHURXVSHVWVKDV
DOZD\V EHHQ D NH\ LVVXH DIIHFWLQJ DJULFXOWXUDO SURGXFWLYLW\
IRUGHFDGHV7KXVPRQLWRULQJIRUWKHQXPEHURISHVWVSHFLHV
LV RI JUHDW VLJQLILFDQFH WR HOLPLQDWH SHVWV ZLWKRXW GHOD\ WR
DYRLGEOLQGXVHRISHVWLFLGHVZKLFKUHVXOWLQXQKHDOWK\FURSV
7KHUH DUH PLOOLRQV RI VSHFLHV RI SHVWV LQ WKH ZRUOG PDNLQJ
SHVW GHWHFWLRQ EHFRPLQJ RQH RI WKH PDMRU FKDOOHQJHV LQ
DJULFXOWXUH SHVW PDQDJHPHQW 3UHYLRXVO\ SHVW GHWHFWLRQ LV
SHUIRUPHG E\ PDQXDO REVHUYDWLRQ ZKLFK LV REYLRXVO\
ODERULRXVDQGHUURUSURQH
:LWK WKH GHYHORSPHQW RI PRGHUQ FRPSXWHU VFLHQFH
FRPSXWHUYLVLRQKDVEHFRPHDQLQFUHDVLQJO\DQGZLGHO\XVHG
DSSURDFK WRFDWHJRUL]HSHVWV DVKXJH WLPHFRQVXPSWLRQDQG
LQWHQVLYHODERUDUHVHULRXVOLPLWDWLRQVLQFRQYHQWLRQDOPDQXDO
SHVW FODVVLILFDWLRQPHWKRGV >@+RZHYHU DGYDQFHPHQW LQ
DJULFXOWXUDOSHVWGHWHFWLRQKDV VORZHGGRZQVLJQLILFDQWO\ LQ
UHFHQW\HDUVDQGWKHUHFHQWPHWKRGVLQFRPSXWHUYLVLRQXVLQJ
PDFKLQH OHDUQLQJ DV UHDG\WRXVH UHFLSHV FRXOG QRW DFKLHYH
VDWLVILHGSHVWGHWHFWLRQSHUIRUPDQFH7KLVPLJKWEHDWWULEXWHG
WRPDQ\ IDFWRUV VXFKDVSRZHUOHVVKDQGFUDIWHG IHDWXUHV ,Q
DGGLWLRQVLQJOHLQVHFWPD\VKLIWLQDVHULHVRIVWDWLVWLFLPDJHV
ZLWK ODUJH GLIIHUHQW PRWLRQV DQG SRVHV ZKLFK OHDGV WR
GLIIHUHQW IHDWXUH YHFWRUV LQ IHDWXUH VSDFH IRU WKH SHVWV IURP
VDPH VSHFLHV )XUWKHUPRUH PRVW UHVHDUFKHUV IRFXV RQ
LQFUHDVLQJWKHLGHQWLILFDWLRQDFFXUDF\RIFHUWDLQW\SHRISHVW
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SKDVH RQ WUDLQLQJ LPDJHV EHIRUH WHVW SKDVH 7KH UHG DUURZV LQ WKLV ER[
UHSUHVHQW WKH JUDGLHQW GHVFHQW SURFHVV RI WKH EDFNZDUG SURSDJDWLRQ
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
),*85(6DPSOHLPDJHVRI3HVW6SHFLHVLQRXU:RUN1RWHWKDWWKHVH
VDPSOHLPDJHVDUHSDUWLDOO\WDNHQIURPLPDJHVRI03'

E\ LQWURGXFLQJ QHZ IHDWXUHV \HW SD\LQJ PRUH DWWHQWLRQV RQ
GHYHORSLQJ QRYHO DUFKLWHFWXUHV IRU ODUJHVFDOH PXOWLFODVV
SHVW GHWHFWLRQ WDVN WKDW UHTXLUHV WR DFKLHYH QRW RQO\ SHVW
UHFRJQLWLRQEXWDOVRORFDOL]DWLRQDQGQXPEHUFRXQWLQJZKLFK
LVPRUHKHOSIXOIRUSHVWPRQLWRULQJ>@
,Q WKLV FRQWH[W PRWLYDWHG E\ WKH YDULRXV DSSOLFDWLRQV RI
&RQYROXWLRQDO1HXUDO1HWZRUN&11LQGHHSOHDUQLQJ>@
DQG WKH GHYHORSPHQW RI UHJLRQEDVHG &11 GHWHFWLRQ
WHFKQLTXHV LQJHQHULFREMHFWV >@ZHGHYHORS DQ HQGWR
HQG DUFKLWHFWXUH 3HVW1HW EDVHG RQ GHHS OHDUQLQJ IRU PXOWL
FODVV SHVW GHWHFWLRQ ZKRVH SLSHOLQH LV VKRZQ LQ )LJ  LQ
ZKLFK IHDWXUHV DUH H[WUDFWHG DQG OHDUQHG IURP RULJLQDO
LPDJHV DXWRPDWLFDOO\ZLWKRXW DQ\SUHSURFHVVLQJ UDWKHU WKDQ
KDQGFUDIWHG,QRUGHUWRYDOLGDWHRXU3HVW1HWZHGHVLJQDQ
LPDJHFDSWXUHHTXLSPHQW WREXLOGRXU\HDUWHUPRI WDVN
VSHFLILF GDWDVHW 0XOWLFODVV 3HVW 'DWDVHW  03'
FRYHULQJPRUHWKDQNLPDJHVZLWKRYHUNSHVWVODEHOHG
E\ DJULFXOWXUDO H[SHUWV DQG FDWHJRUL]HG LQ  FODVVHV DQG
VRPH RI SHVWV¶ H[DPSOHV DUH VKRZQ LQ )LJ  ,Q 3HVW1HW
LPDJHV DUH ILUVWO\ LQSXW LQWR D &11 EDFNERQH IRU IHDWXUH
H[WUDFWLRQ DQG WKHRXWSXW LV VRFDOOHG 
IHDWXUH PDSV
 ,Q WKLV
SKDVHZHSURSRVH&KDQQHO6SDWLDO$WWHQWLRQ&6$PRGXOH
WR HQKDQFH WKH FKDQQHO DQG VSDWLDO LQIRUPDWLRQ EHWZHHQ
HYHU\ WZR FRQYROXWLRQDO EORFNV 7KHQ ZH DSSO\ 5HJLRQ
3URSRVDO 1HWZRUN 531 WR FRPSXWH UHJLRQ SURSRVDOV IRU
HDFK SRVLWLRQ LQ IHDWXUH PDSV 7KHVH UHJLRQV FRXOG
GLVWLQJXLVKEHWZHHQSHVWVDQGQRQSHVWVVRWKH\LQGLFDWHWKH
SRWHQWLDOSHVWV¶SRVLWLRQV
7KH JRDO RI WKH IROORZLQJ VWHS LV WR SUHGLFW SHVWV¶
FDWHJRULHV DQG ILQHWXQH ERXQGLQJ ER[HV IURP UHJLRQ
SURSRVDOV ,Q JHQHULF REMHFW GHWHFWLRQ PHWKRGV WKH IHDWXUH
PDSV DUH WDNHQ D SRROLQJ RSHUDWLRQ EDVHG RQ WKH UHJLRQ
SURSRVDOV IRU FURSSLQJ LQWR D IL[HG VL]H ,Q 3HVW1HW ZH
DXJPHQW FRQWH[WXDO LQIRUPDWLRQ QDPHG &RQWH[WXDO 5HJLRQV
RI ,QWHUHVW &RQWH[WXDO 5R,V LQWR WKH UHJLRQ SURSRVDOV DQG
IXVHWKHPWRJHWKHUIRUPRUHDFFXUDWHSUHGLFWLRQ)XUWKHUPRUH
PDQ\ VWDWHRIWKHDUW &11 PHWKRGV IRU GHWHFWLQJ JHQHULF
REMHFWV DGRSW )XOO\ &RQQHFWHG )& OD\HU WR DFKLHYH
SUHGLFWLRQ >@ %XW )& PLJKW EH LQVHQVLWLYH WR VSDWLDO
ORFDWLRQZKLFKLVDPDMRUOLPLWDWLRQOHDGLQJWRZRUVHUHVXOWV
%HVLGHV)&KROGVODUJHQXPEHURISDUDPHWHUVFDXVLQJPXFK
PRUH FRPSXWDWLRQDO FRVW ZKLFK PLJKW DIIHFW UHDO WLPH
SHUIRUPDQFH ,Q 3HVW1HW WR DGGUHVV WKHVH LVVXHV D PRGXOH
FDOOHG 3RVLWLRQ6HQVLWLYH 6FRUH 0DS 3660 LV XVHG WR
UHSODFH)&OD\HUZKLFKFRXOGFRPSXWHFRQILGHQFHVFRUHVRI
HDFK SRVLWLRQ LQ SURSRVHG UHJLRQV 0RUHRYHU 2QOLQH +DUG
([DPSOH 0LQLQJ 2+(0 >@ VWUDWHJ\ LV XVHG IRU
LPSURYLQJ WKH HIIHFWLYHQHVV RI WUDLQLQJ 7KH HQWLUH WUDLQLQJ
DQG WHVW SKDVH FRXOG UXQ DXWRPDWLFDOO\ WR DFKLHYH SHVW
GHWHFWLRQ DQG FODVVLILFDWLRQ VR 3HVW1HW LV DQ HQGWRHQG
V\VWHP
7KHPDMRUFRQWULEXWLRQVRIWKLVSDSHUDUHDVIROORZV
$QRYHOHQGWRHQGFRQYROXWLRQDOQHXUDOQHWZRUNEDVHG
DXWRPDWLFSHVWGHWHFWLRQDUFKLWHFWXUH3HVW1HWLVGHVLJQHGDQG
GHYHORSHG IRU ODUJHVFDOH PXOWLFODVV SHVW GHWHFWLRQ DQG
FODVVLILFDWLRQ
 3HVW1HW LV D UHJLRQEDVHG DSSURDFK DGRSWLQJ 5HJLRQ
3URSRVDO 1HWZRUN 531 IRU SURYLGLQJ SHVW UHJLRQV DQG
3RVLWLRQ6HQVLWLYH6FRUH0DS3660IRUSHVWFODVVLILFDWLRQ
DQG ERXQGLQJ ER[ UHJUHVVLRQ )XUWKHUPRUH RXU PHWKRG
REWDLQV LPSURYHG SHVW GHWHFWLRQ DFFXUDF\ E\ LQWHJUDWLQJ D
QRYHO IHDWXUH HQKDQFHPHQW PRGXOH &KDQQHO6SDWLDO
$WWHQWLRQ &6$ DQG FRQVLGHULQJ &RQWH[WXDO 5HJLRQV RI
,QWHUHVW&RQWH[WXDO5R,VIRUDFFXUDWHO\FODVVLI\LQJWKHW\SHV
RISHVWVDQGTXDOLI\LQJWKHLUSRVLWLRQV
 :H EXLOG D \HDUWHUP RI ODUJHVFDOH SHVW GDWDVHW
0XOWLFODVV 3HVW 'DWDVHW  03' FDSWXUHG E\ RXU
GHVLJQHGWDVNVSHFLILFLPDJHDFTXLVLWLRQHTXLSPHQWFRYHULQJ
PRUH WKDQ N LPDJHV ZLWK RYHU N SHVWV ODEHOHG E\
DJULFXOWXUDOH[SHUWVDQGFDWHJRUL]HGLQFODVVHV
,,5(/$7(':25.
7KHUH LV SOHQW\ RI DGYDQFHG WHFKQLTXHV GHYHORSHG DQG
DSSOLHG LQ PRGHUQ DJULFXOWXUDO ILHOG VXFK DV OHDI GLVHDVHV
LGHQWLILFDWLRQ>@DQGLQVHFWUHFRJQLWLRQ>@$PRQJWKHVH
ZRUNVWZRNH\VWHSVRIWUDGLWLRQDOFRPSXWHUYLVLRQPHWKRGV
FRXOG EH VXPPDUL]HG  IHDWXUH H[WUDFWLRQ WKDW H[WUDFWV
LQIRUPDWLRQ DV IHDWXUH YHFWRUV IURP LPDJHV  SDWWHUQ
UHFRJQLWLRQWKDWWUDLQVDPRGHOWRFODVVLI\FDWHJRULHVRILQSXW
LPDJHV7KHUHODWLYHO\HDUO\ZRUNVIRUSHVWLGHQWLILFDWLRQZDV
GRQH E\ >@ ZKR DFKLHYHG FODVVLILFDWLRQ WKURXJK 5*%
PXOWLVSHFWUDODQDO\VLVDVZHOODVWKHPHWKRGSURSRVHGE\>@
ZKLFKUHFRJQL]HGLQVHFWVWKURXJKHLJHQLPDJHVH[WUDFWHGE\
3ULQFLSOH&RPSRQHQW$QDO\VLV3&$DOJRULWKP6LQFHWKHQ
DJUHDWGHDORIDFKLHYHPHQWVHPHUJHGLQWKHSDVWIHZ\HDUV
6L]H DQG FRORU IHDWXUHV ZHUH DOVR H[WUDFWHG WR FDWHJRUL]H
ZKLWHIOLHVDSKLGVDQGWKULSV>@$SDUWIURPVL]HVKDSHDQG
WH[WXUHIHDWXUHVZHUHDOVRFKRVHQIRU LGHQWLI\LQJIORZHU>@
+RZHYHUWKHVHIHDWXUHVZHUHWRRZHDNWREHLQVHQVLWLYHWR
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URWDWLRQ VFDOH DQG WUDQVODWLRQ 7R GHDO ZLWK LW HPSOR\HG
6FDOHLQYDULDQWIHDWXUHWUDQVIRUP6,)7ZDVHPSOR\HGZLWK
/266 DOJRULWKP WR FODVVLI\ ILYH LQVHFWV >@ 0HDQZKLOH
FRPSDUHG ZLWK SUHYLRXV FODVVLILHUV VXFK DV NQHDUHVW
QHLJKERUV >@DQG OLQHDUGLVFULPLQDWHDQDO\VLV /'$>@
VXSSRUWYHFWRUPDFKLQH690ZDVSURSRVHGZLWK+DDUOLNH
IHDWXUHVWRFODVVLI\LQVHFWVDQGREWDLQHGDEHWWHUSHUIRUPDQFH
WKDQ WKH VWDWHRIWKHDUW PHWKRGV >@ ,Q WHUPV RI QHXUDO
QHWZRUN DSSURDFKHV $UWLILFLDO 1HXUDO 1HWZRUN $11 ZDV
DGRSWHG DV ZHOO DV 690 EDVHG RQ WKHLU RZQ GHVLJQHG
IHDWXUHV >@ ,Q DGGLWLRQ $11 ZDV DOVR XVHG IRU
FDWHJRUL]LQJEXWWHUIO\DQGRWKHULQVHFWV>@
$OWKRXJK WKH DIRUHPHQWLRQHG SHVW LGHQWLILFDWLRQ PHWKRGV
KDYHDFKLHYHGJUHDWVXFFHVVWRVRPHH[WHQWWKHLUUHVXOWVUHO\
WRRPXFKRQKDQGFUDIWHGIHDWXUHVVHOHFWLRQVXFKDV6,)7DQG
+DDU ,Q WKLV FDVH RQH SRWHQWLDO FRQVHTXHQFH LV WKDW WKH
H[WUDFWHGGHVFULSWRUVVKRZVWURQJVLPLODULW\WRRWKHUVDPRQJ
SHVWVLHWKHIHDWXUHYHFWRUVZLWKGLIIHUHQWVSHFLHVDUHKLJKO\
FORVH LQ IHDWXUH VSDFH EHFDXVH RI WKH UHODWLYH YDULDELOLW\ RI
WKHLU WH[WXUH FRORU VKDSH DQG VR RQ )XUWKHUPRUH WKH
SURFHVVLQJRIGHVLJQLQJIHDWXUHVLVODERULRXVDQGLQVXIILFLHQW
WRUHSUHVHQWDOODVSHFWVRIWKHLQVHFWV$VDUHVXOWVXVWDLQDEOH
LQVHFWGHWHFWLRQPHWKRGVVKRXOGUHO\RQJUHDWHUGHSWKWRPLQH
PRUH YDOXDEOH LQIRUPDWLRQ DQG OHDUQ IHDWXUHV DXWRPDWLFDOO\
LQVWHDGRIEOLQGORZOHYHOIHDWXUHGHVFULSWRUV
$QRWKHU OLPLWDWLRQ LV WKDW IHZ SUHYLRXV ZRUNV XVLQJ
WUDGLWLRQDO PDFKLQH OHDUQLQJ PHWKRGV DLP WR DGGUHVV PXOWL
FODVV SHVW GHWHFWLRQ LVVXH WKDW IRFXVHV PRUH RQ SHVW
ORFDOL]DWLRQZKLFKLVPXFKPRUHGLIILFXOWWKDQFODVVLILFDWLRQ
$V LW LV ZHOO NQRZQ &11 LQ GHHS OHDUQLQJ KDV PDGH DQ
REYLRXVEUHDNWKURXJKRQFRPSXWHUYLVLRQLQWKHUHFHQW\HDUV
IRU JHQHULF REMHFW GHWHFWLRQ >@ 0DQ\ VRUWV RI
DOJRULWKPV EDVHG RQ &11 KDYH HPHUJHG WR VLJQLILFDQWO\
LPSURYH FXUUHQW V\VWHPV SHUIRUPDQFH IRU FODVVLILFDWLRQ DV
ZHOO DV REMHFW ORFDOL]DWLRQ >@ %HVLGHV &11 DUFKLWHFWXUH
FRXOG DOVR DFKLHYH DXWRPDWLF IHDWXUH H[WUDFWLRQ ,Q
DJULFXOWXUDODUHDGHHSOHDUQLQJKDVDOVRUHFHLYHGZLGHVSUHDG
DWWHQWLRQ LQ WKH SDVW WZR \HDUV $PRQJ WKHVH ZRUNV WKH
UHJLRQEDVHG DUFKLWHFWXUHV HVSHFLDOO\ )DVWHU 5&11 DUH WKH
PRVWSRSXODUFKRLFHWRGHWHFWJHQHULFLQILHOGLQVHFWV>@
%HVLGHV6LQJOH6KRW'HWHFWRU66'>@LVDQRWKHUFRPPRQ
PHWKRGXVHGLQSODQWGLVHDVHDQGSHVWGHWHFWLRQ>@)RUSHVW
LGHQWLILFDWLRQ WDVN5HV1HWKDVEHFRPHDZLGHO\XVHG&11
EDFNERQH WR H[WUDFW SHVW IHDWXUHV 7KHUHIRUH ZH SURSRVH
UHJLRQEDVHGHQGWRHQGDSSURDFKQDPHG3HVW1HW IRU ODUJH
VFDOH PXOWLFODVV SHVW GHWHFWLRQ DQG FODVVLILFDWLRQ EDVHG RQ
GHHSOHDUQLQJZKLFKLPSURYHVSHUIRUPDQFHE\WKHIROORZLQJ
DVSHFWV )LUVWO\ D QRYHO PRGXOH &KDQQHO6SDWLDO $WWHQWLRQ
&6$ LV SURSRVHG LQWR &11 EDVHG QHWZRUN IRU IHDWXUH
H[WUDFWLRQDQGHQKDQFHPHQW6HFRQGO\IRUSHVWORFDOL]DWLRQ
ZHHPSOR\DUHJLRQSURSRVDOPHWKRGFRPELQHGZLWK3660
PRGXOH JHQHUDWLQJ FDQGLGDWH ER[HV DXWRPDWLFDOO\ LQ ZKLFK
&RQWH[WXDO5R,&RQWH[WXDO5HJLRQRI,QWHUHVWDVFRQWH[WXDO
LQIRUPDWLRQ DUH DXJPHQWHG 6XFK WKLV HQGWRHQG PHWKRG
GRHV QRW UHTXLUH DQ\ SUHSURFHVVLQJ DV ZHOO DV KXPDQ
LQWHUYHQWLRQDQGFRXOG\LHOGVWDWHRIWKHDUWSHUIRUPDQFH
),*85(3HVW,PDJH$FTXLVLWLRQ(TXLSPHQW

),*85(3DUWRI03'GDWDVHWVDPSOHVYLVXDOL]DWLRQ
,,,0$7(5,$/6$1'0(7+2'6
A. MULTI-CLASS PEST DATASET 2018 (MPD2018) 
)RU DJULFXOWXUH SHVW LGHQWLILFDWLRQ WKHUH H[LVW D IHZ RSHQ
GDWDVHWVUHOHDVHGVXFKDV%XWWHUIO\'DWDVHW>@+RZHYHUWR
RXU EHVW NQRZOHGJH IHZ RSHQ GDWDVHWV VXLWDEOH IRU PXOWL
FODVVSHVWGHWHFWLRQWDVNDUHUHOHDVHGZKLOHRXUSXUSRVHLVWR
GHWHFWGLIIHUHQWNLQGVRISHVWVVLPXOWDQHRXVO\ LQRQH LPDJH
$VDUHVXOWZHEXLOGDGDWDVHWIRURXUODUJHVFDOHPXOWLFODVV
SHVW GHWHFWLRQ WDVN 6SHFLILFDOO\ WKH SHVW LPDJH DFTXLVLWLRQ
HTXLSPHQWGHVLJQHGIRUFDSWXULQJLPDJHVRIPXOWLFODVVSHVWV
LQ RXU GDWDVHW LV VKRZQ LQ )LJ  ,Q WKLV GHYLFH WKH
PXOWLVSHFWUDO OLJKW WUDSFRXOGHPLW OLJKW IRUDWWUDFWLQJPXOWL
FODVV SHVWV LQ ZKLFK WKH ZDYHOHQJWKV FRXOG YDU\ ZLWK WLPH
DFFRUGLQJ WR KDELWV RI SHVWV LQ WKH GD\ WR HQVXUH GLIIHUHQW
W\SHVRISHVWV FRXOGEHFDSWXUHG7KHQ WKHVHDWWUDFWHGSHVWV
ZRXOG EH VWXQQHG E\ WKH VFUHHQ DQG IDOO LQWR WKH SHVW
FROOHFWLRQ WUD\ RQ WKH ERWWRP $W WKH VDPH WLPH WKH +'
FDPHUDLQWKHWUD\DERYHLVVHWWRWDNHSLFWXUHVSHULRGLFDOO\DW
 VHFRQG LQWHUYDOV $IWHU EHLQJ SKRWRJUDSKHG WKH SHVWV
ZRXOG EH VZHSW DZD\ IURP WKH SHVW FROOHFWLRQ WUD\
LPPHGLDWHO\ WR DYRLG DFFXPXODWLRQ DQG RYHUODSSLQJ 7KH
FDSWXUHG LPDJHV DUH VWRUHG LQ -3* IRUPDW DW  u 
UHVROXWLRQ +HUHDIWHU HDFK SHVW LQ LPDJHV DUH DQQRWDWHG E\
DJULFXOWXUDOH[SHUWVZLWKODEHOVDQGERXQGLQJER[HV)LQDOO\
LPDJHVFRQWDLQLQJSHVWREMHFWVFDWHJRUL]HGLQ
 FODVVHV DUH FDSWXUHG 2XU QHZO\ EXLOW GDWDVHW LV QDPHG
0XOWLFODVV 3HVW 'DWDVHW  03' DQG SDUW RI
H[DPSOHVDUHYLVXDOL]HGLQ)LJ
,Q RUGHU WR YHULI\ WKH HIIHFWLYHQHVV RI RXU PHWKRG ZH
UDQGRPO\ VSOLWRXU HQWLUH FROOHFWHG LPDJHV LQWR WUDLQLQJDQG
WHVWVXEVHWVDWUDWLRRI$PRQJWKHVHVXEVHWVWUDLQLQJVHW
LVRXU
JROGVWDQGDUG
WRWUDLQWKHPRGHODVWKHDQQRWDWLRQVDUH
ODEHOHG E\ DJULFXOWXUDO H[SHUWV ZKLOH WHVW VHW LV DGRSWHG WR
YDOLGDWH WKH SHUIRUPDQFH RI 3HVW1HW 7DEOH  SURYLGHV WKH
VWDWLVWLFV RQ HQWLUH GDWDVHW DQG WZR VXEVHWV IRU HDFK SHVW
FDWHJRU\1RWHWKDWWKHSHVWVZRXOGWDNHXSQRPRUHWKDQ
VL]H LQRXU LPDJHVEHFDXVH 
WLQ\
 LVRQHRI WKHFKDOOHQJHVRI
SHVWVLQ03'
92/80(;; 
7DEOH6WDWLVWLFVRQ7ZR6XEVHWVLQ03'7KHGDWDVHWLVGLYLGHGLQWRWUDLQLQJDQGWHVWVXEVHWV)RUHDFKFODVVWKHQXPEHURILPDJHVFRQWDLQLQJ
DWOHDVWRQHSHVWWKHFODVVDQGWKDWRIREMHFWVDUHVKRZQLQFROXPQVµ6L]H¶UHSUHVHQWVWKHSHUFHQWDJHRIWKHDUHDRIREMHFWLQWKHZKROHLPDJH1RWH
WKDW EHFDXVH VLQJOH LPDJH PD\ FRQWDLQ REMHFWV RI VHYHUDO FODVVHV WKH WRWDOV VKRZQ LQ WKH µLPDJHV¶ FROXPQV DUH QRW VLPSO\ WKH VXP RI WKH
FRUUHVSRQGLQJFROXPQV
3HVWQDPH ,' 6L]H 7UDLQLQJ 7HVWLPDJHV REMHFWV LPDJHV REMHFWV
Cnaphalocrocis medinalis      
Cnaphalocrocis medinalis      
Mythimna separata      
Helicoverpa armigera      
Ostrinia furnacalis      
Proxenus lepigone      
Spodoptera litura      
Spodoptera exigua      
Sesamia inferens      
Agrotis ipsilon      
Mamestra brassicae      
Hadula trifolii      
Holotrichia parallela      
Anomala corpulenta      
Gryllotalpa orientalis      
Agriotes subrittatus      
7RWDO      
B. MODEL ARCHITECTURE 
2XU3HVW1HWFRQVLVWVRIWKUHHVWDJHVSHVWIHDWXUHH[WUDFWLRQ
SHVWUHJLRQVVHDUFKDQGSHVWSUHGLFWLRQ,Q3HVW1HWWKHLQSXW
LPDJH LV ILUVWO\ IHG LQWRD&11EDFNERQH WRH[WUDFW IHDWXUH
PDSV ZKHUH &6$ PRGXOH LV SURSRVHG IRU IHDWXUH
HQKDQFHPHQW 7KHQ ZH IXVH 531 DQG 3660 IRU SURYLGLQJ
SHVW UHJLRQV DQG SHVW SUHGLFWLRQ UHVSHFWLYHO\ 'XULQJ WKH
SUHGLFWLRQSKDVH&RQWH[WXDO5R,VDUHSUHVHQWHGDVFRQWH[WXDO
LQIRUPDWLRQWRLPSURYHGHWHFWLRQDFFXUDF\
&2192/87,21$/1(85$/1(7:25.&11
&RQYHQWLRQDO FRPSXWHU YLVLRQ HPSOR\HG KDQGFUDIWHG
IHDWXUHV WRGHVFULEH WKH LPDJHV ,QVWHDGZHDGRSW&11IRU
DXWRPDWLFIHDWXUHH[WUDFWLRQZKLFKLVEDVLFDOO\FRPSRVHGRI
SDUWVFRQYROXWLRQDOOD\HUDFWLYDWLRQIXQFWLRQDQGSRROLQJ
OD\HU
&RQYROXWLRQDO/D\HU6WDQGDUGFRQYROXWLRQDO OD\HU WDNHVD
VHWRI ILOWHUV DOVRFDOOHGNHUQHODVD ILOWHUEDQN WR WKH LQSXW
DQGWKHRXWSXWIHDWXUHPDSLQHDFKVXEVHTXHQWOD\HUFRXOGEH
UHJDUGHGDVDEVWUDFWWUDQVIRUPDWLRQVRILPDJH7DNHDVL]HRI
  l l lW H C  u u IHDWXUH PDS DQG D ILOWHUEDQN ZLWKLQ lC 
ILOWHUV DW VL]H RI l l lf f C u u LQ OD\HU l  IRU H[DPSOH
DXJPHQWLQJWKHRWKHUWZRK\SHUSDUDPHWHUVSDGGLQJ lp DQG
VWULGH ls  WKH RXWSXW IHDWXUH PDS LQ OD\HU l LV DW VL]H RI
l l lW H Cu u 

       
l l l l
l l
l
W H p fW H
s
 « »  « »¬ ¼

ZKHUH « »¬ ¼ GHQRWHV IORRURSHUDWLRQ1RWH WKDW WKHQXPEHURI
ILOWHUV PXVW EH HTXDO WR WKDW RI LQSXW IHDWXUH PDS 0RUH
VSHFLILFDOO\
 
j
l l l l
j i ij ji Mx x f bM  u ¦ 
ZKHUH i DQG j DUHLQGH[HVRILQSXWDQGRXWSXWIHDWXUHPDSV
DW UDQJH RI l lW Hu DQG  l lW H u UHVSHFWLYHO\ jM KHUH
LQGLFDWHVWKHUHFHSWLYHILHOGRIILOWHUDQG ljb LVELDVWHUP
$FWLYDWLRQ )XQFWLRQ ,Q WKH HTXDWLRQ   M  LV FDOOHG
DFWLYDWLRQ IXQFWLRQ DSSOLHG WR DFKLHYH HOHPHQWZLVH QRQ
OLQHDULW\LQGHHSOHDUQLQJZKLFKFRQWDLQVPDQ\W\SHVVXFKDV
VLJPRLG5HFWLILHG/LQHDU8QLWV5H/8>@,QRXUPHWKRG
ZH XWLOL]H 5H/8 DV DFWLYDWLRQ IXQFWLRQ IRU IDVWHU WUDLQLQJ
EHFDXVHRIODUJHUJUDGLHQWLQ  f 
  PD[ x xM  
3RROLQJ/D\HU,Q&11SRROLQJOD\HULVXVXDOO\DSSOLHGIRU
IHDWXUH GLPHQVLRQ UHGXFWLRQ %HVLGHV VSDWLDO WUDQVODWLRQDO
LQYDULDQFH LV DQRWKHU EHQHILW RI SRROLQJ OD\HU $PRQJ
GLIIHUHQW SRROLQJ OD\HU PHWKRGV PD[SRROLQJ OD\HU LV
VHOHFWHGLQ3HVW1HWZKLFKDSSOLHVORFDOSRROLQJE\SUHVHUYLQJ
PD[LPXPRIUHFHSWLYHILHOGDQGGLVFDUGLQJRWKHUYDOXHV
&+$11(/63$7,$/$77(17,21&6$
7KH IHDWXUHV RI SHVWV DUH H[WUDFWHG LQ &11 EDFNERQH LQ
ZKLFK WKHUH DUH WZR REVHUYDWLRQV GXULQJ H[SHULPHQWV ZLWK
WKHVWDWHRIWKHDUWDSSURDFKHV7KHILUVWIURPSHUVSHFWLYHRI
FKDQQHOVRIIHDWXUHPDSLVWKDWYDULRXVFRQYROXWLRQDONHUQHOV
DLP WR H[WUDFW GLIIHUHQW W\SHV RI IHDWXUHV VXFK DV VKDSHV
,GHDOO\SHVWVIURPWKHVDPHFDWHJRU\KDYHVKRZQWKHVLPLODU
VKDSHV LQ LPDJHV EHFDXVH RI WLQ\ FKDUDFWHU ZKLFK DUH
GLIIHUHQW IURP JHQHULF REMHFWV EHLQJ UHSUHVHQWHG ZLWK JUHDW
SRVWXUHGLIIHUHQFHV6RLWLVQHFHVVDU\WRZHLJKWWKHFKDQQHOV
WRPDNHWKHPRVWUHSUHVHQWDWLYHIHDWXUHVFRXOGEHHQKDQFHG
7KH VHFRQG REVHUYDWLRQ LV WKDW WKH SRWHQWLDO GDQJHU DULVHV
ZLWKLQVXIILFLHQWOHDUQLQJRIWKHIHDWXUHPDSVZKLFKFRQWDLQ
92/80(;; 
ODUJHEDFNJURXQGQRLVHVDVVKRZQLQ)LJOHIWSDUW7KLV
LV EHFDXVH WKDW WKH FRQYROXWLRQDO RSHUDWLRQ RZQV D ZHOO
NQRZQGHIHFWRIOLPLWHGUHFHSWLYHILHOG7KXVLWLVSRVVLEOH
WRREWDLQDKLJKHUGHWHFWLRQSHUIRUPDQFHE\DSSO\LQJJOREDO
VSDWLDODWWHQWLRQWRILOWHUWKHIHDWXUHPDSV
,QVSLUHGE\ WKHVH WZRREVHUYDWLRQVZHSURSRVH DQRYHO
PRGXOH &KDQQHO6SDWLDO $WWHQWLRQ &6$ IRU ZHLJKWLQJ
FKDQQHODQGVSDWLDO LQIRUPDWLRQRQRXWSXWIURPHDFK&11
EORFN WR HQKDQFH WKH UHSUHVHQWDWLRQDO SRZHU RI IHDWXUH
PDSV )LJ  VKRZV DQ LQWXLWLYH IUDPHZRUN RI RXU &6$
PRGXOH LQ WKH EDFNERQH WKDW FRQVLVWV RI WZR SDUWV ,Q WKH
ILUVWSDUWRI&KDQQHO$WWHQWLRQPRGXOHWKHXSSHUSDUWWKH
' IHDWXUH PDS ZLWK VKDSH RI W H Cu u H[WUDFWHG E\
&11EORFN LV LQSXW LQWRDQH[WUDJOREDOSRROLQJ OD\HU WKDW
WDNHVDYHUDJHSRROLQJIURPWKHZKROHIHDWXUHPDSVLQHDFK
FKDQQHOWRJHQHUDWHDORZHUGLPHQVLRQDO'IHDWXUHYHFWRU
LQ ZKLFK WKH DYHUDJHG YDOXH UHSUHVHQWV WKH JOREDO IHDWXUH
IRUHDFKFKDQQHO7KHQZHDSSO\DJURXSRIFRQYROXWLRQDO
OD\HUVZLWKQRQOLQHDUDFWLYDWLRQ5H/8IROORZLQJ7KLV'
IHDWXUH YHFWRU LV PDSSHG LQWR  DUHD E\ DGRSWLQJ
6LJPRLG IXQFWLRQ DQG WKH RXWSXW ZLWK VKDSH RI  Cu u LV
VRFDOOHG FKDQQHO DWWHQWLRQ IDFWRU 7KXV WKH RXWSXW RI
&KDQQHO $WWHQWLRQ PRGXOH LV WKH EURDGFDVW HOHPHQWZLVH
SURGXFW RI WKH RULJLQDO LQSXW ' IHDWXUH PDS DQG WKH '
FKDQQHO DWWHQWLRQ IDFWRU ,Q WKLV ZD\ WKH LQSXW ' IHDWXUH
PDSLVDFWLYDWHGLQFKDQQHOOHYHO

),*85(&KDQQHO6SDWLDO$WWHQWLRQDUFKLWHFWXUH

7KH ORZHU SDUW LQ )LJ  LV 6SDWLDO $WWHQWLRQ PRGXOH
ZKRVH RSHUDWLRQV DUH VLPLODU ZLWK &KDQQHO $WWHQWLRQ
PRGXOH,QWKLVSDUWWKHLQSXW'IHDWXUHPDSW H Cu u 
LVIHGLQWRDQRWKHUFRQYROXWLRQDOOD\HUZLWK u NHUQHODQG
RQO\ILOWHUWRDFKLHYHJOREDOFRQYROXWLRQ7KHRXWSXWLVD
' IHDWXUH PDS ZLWK VKDSH RI W Hu u  VR HDFK YDOXH
FRXOG EH D JOREDO IHDWXUH IRU VSDWLDO OHYHO 7R H[WUDFW WKH
JOREDO VSDWLDO LQIRUPDWLRQ ZH DGRSW DQ H[WUD FRQYROXWLRQ
RSHUDWLRQ ZLWK D ODUJH NHUQHO VL]H HJ  u DQG WR ]RRP
RXW WKH IHDWXUH PDS LQWR     W Hu u VKDSH 1H[W D
FRUUHVSRQGLQJ GHFRQYROXWLRQ RSHUDWLRQ LV DSSOLHG WR
JHQHUDWH WKH VSDWLDO DWWHQWLRQ IDFWRU  W Hu u  DQG WKH
LQSXW'IHDWXUHPDS LVPXOWLSOLHGE\ WKHVSDWLDODWWHQWLRQ
IDFWRU LQ HDFK VSDWLDO SRVLWLRQ VR WKH IHDWXUH PDS LV
DFWLYDWHGLQVSDWLDO OHYHO)LQDOO\ WKHRXWSXWRI&6$LV WKH
VXPRIWZRDFWLYDWHGIHDWXUHPDSV
5(*,21352326$/1(7:25.531
2XU 3HVW1HW LV D UHJLRQEDVHG &11 PHWKRG VR ZH DGRSW
531PRGXOHWRVHDUFKSRWHQWLDOUHJLRQVRIREMHFWIROORZHG
E\&11EDFNERQH$V531KROGVLWVRZQREMHFWQHVVVFRUHV
DQG ERXQGLQJ ER[ UHJUHVVLRQ OD\HU LW FRXOG HIIHFWLYHO\
SURYLGHUHJLRQVDXWRPDWLFDOO\,QFRQWUDVWWRRWKHUUHOHYDQW
PHWKRGV HJ VHOHFWLYH VHDUFK >@ DQG HGJH ER[HV >@
ZKLFK VSHQGV PXFK WLPH RQ WKRXVDQGV RI UHJLRQV 531
FRXOG UHGXFH D ODUJH QXPEHU RI SURSRVDO UHJLRQV ZKHQ
HQVXULQJ WKH TXDOLW\ E\ LQWURGXFLQJ YDULRXV DQFKRU ER[HV
IRUER[UHJUHVVLRQUHIHUHQFH

),*85(5HJLRQ3URSRVDO1HWZRUNDUFKLWHFWXUH

)LJ  VKRZVDQ LQWXLWLYH IUDPHZRUNRI531PRGXOH LQ
WUDLQLQJSKDVH$VLWFDQEHVHHQWKHIHDWXUHPDSH[WUDFWHG
E\ EDVH &11 LV LQSXW LQWR DQ H[WUD FRQYROXWLRQDO OD\HU
ZKLFK WDNHV VOLGLQJ ZLQGRZV WR JHQHUDWH D ORZHU
GLPHQVLRQDO UHJLRQ IHDWXUH )RU HYHU\ VOLGLQJ ZLQGRZ LQ
VWDQGDUG531PRGXOHWKHUHDUHUHFWDQJXODUUHJLRQER[HV
WRWDOO\ZLWKNLQGVRI VFDOHV   ^    ` DQG UDWLRV
^   `  +HUH IRU GHWHFWLQJ SHVWV ZLWK WLQ\ VL]HV LQ
03' ZH FRPSXWH RXU RZQ VFDOHV   ^   ` 
VSHFLILFDOO\ZKLFKHQVXUHVHIIHFWLYHUHFHSWLYHILHOGRQLQSXW
LPDJHV IRU ILQGLQJ WLQ\ SHVWV 7KHVH ER[HV DUH DOVR FDOOHG
DQFKRUV DQG FRXOG EH UHIHUHQFHG IRU FRDUVHWXQLQJ LQ QH[W
WZR VLEOLQJ UHJUHVVLRQ OD\HUV ZKLFK DUH IXOO\ FRQQHFWHG
7KHWZROD\HUVDUHFDOOHGER[FODVVLILFDWLRQDQGUHJUHVVLRQ
OD\HUV UHVSHFWLYHO\ HPSOR\HG IRU ERXQGLQJ ER[HV UHYLVLRQ
DQG WKH RXWSXW LV  u VFRUHV DQG  u FRRUGLQDWHV EDVHG
RQ  UHIHUHQFH ER[HV GHVFULELQJ FODVV VFRUHV IRU
EDFNJURXQG DQG QRQEDFNJURXQG UHJLRQV DQG ERXQGLQJ
ER[HV PLQ PLQ PD[ PD[    x y x y  )LQDOO\ 531 SURYLGHV ODUJH
QXPEHU RI UHJLRQ SURSRVDOV DOVR FDOOHG 5HJLRQ RI ,QWHUHVW
5R,IRUQH[WSURFHVVLQJ
326,7,216(16,7,9(6&25(0$33660
7KH IROORZLQJ VWHS LV WR FODVVLI\ WKH FDWHJRULHV DQG ILQH
WXQH 5R,V ,Q RUGHU WR HQVXUH WUDQVODWLRQDO LQYDULDQFH RI
5R,V ZH DGRSW SRVLWLRQVHQVLWLYH VFRUH PDSV 3660 WR
HQFRGH SRVLWLRQ LQIRUPDWLRQ $V LW LV VKRZQ LQ )LJ  DQ
H[WUD FRQYROXWLRQDO OD\HU LV ILUVWO\ H[WHQGHG DIWHU &11
EDFNERQH WR SURGXFH D   C  FKDQQHOV VFRUH PDS
EHFDXVHZHZDQWWRKDYHDORFDWLRQVHQVHIRUHDFKFDWHJRU\
LQ ZKLFK C  LV WKH QXPEHU RI REMHFW FDWHJRULHV SOXV
EDFNJURXQG (DFK UHJLRQ SURYLGHG IURP 531 LV PDSSHG
LQWR WKLV VFRUH PDS DQG GLYLGHG LQWR  u JULG 6HFRQGO\
WKH ORFDO FRUUHVSRQGLQJ VFRUH PDS LV SURFHVVHG E\ 5R,
SRROLQJOD\HU>@WRUHGXFHZHLJKWDQGKHLJKWE\DSSO\LQJ
DYHUDJH SRROLQJ LQ HDFK UHJLRQ )LQDOO\ WKH VFRUH PDS
FRXOG FDOFXODWH  u FRQILGHQFH VFRUHV IRU C  
FDWHJRULHV ZKLFK UHSUHVHQW WKH SRVVLELOLW\ RI HDFK SRVLWLRQ
DQGWKHQWKH  u VFRUHVDUHXVHGWRYRWHIRUWKHILQDOFODVV
VFRUH E\ DYHUDJLQJ WKHP 6LPLODUO\ ZH DOVR DFKLHYH
92/80(;; 
ERXQGLQJ ER[ ILQHWXQLQJ E\ DXJPHQWLQJ DQ H[WUD
   Cu  FKDQQHOV FRQYROXWLRQDO OD\HU DQG LW FRXOG
SURGXFH  C  FKDQQHOV LQ D VLPLODU ZD\ 7KHUHIRUH LQ
3660 PHWKRG WKH WZR VFRUH PDSV DUH VHQVLWLYH WR
SRVLWLRQV RI UHJLRQ SURSRVDOV EHFDXVH YDULRXV FKDQQHOV
LQGLFDWHGLIIHUHQWSRVLWLRQV

),*85(3RVLWLRQ6HQVLWLYH6FRUH0DSDUFKLWHFWXUH

)RUSUHGLFWLQJFDWHJRULHVDVZHOODVERXQGLQJER[HVZH
HPSOR\ VRIWPD[ UHJUHVVLRQ ZKLFK LV DQ H[SDQVLRQ RI
ORJLVWLF UHJUHVVLRQ >@ %HVLGHV ZH GHILQH D WKUHVKROG WR
ILOWHU PRVW RI ER[HV ZKLFK KROG ORZ VFRUHV DQG QRQ
PD[LPXPVXSSUHVVLRQ106>@LVDOVRDSSOLHGWRUHWDLQ
UHJLRQVZLWKORFDOO\PD[LPDOVFRUHVLQZKLFK,QWHUVHFWLRQ
RYHU8QLRQ,R8LVDGRSWHGDVPHWULFVWRHOLPLQDWHPRVWRI
RYHUODSSLQJER[HVLQZKLFK
   A BIoU A B
A B
  
3(67&217(;78$/52,6
7R HQKDQFH WKH 5R, LQIRUPDWLRQ GXULQJ ER[ UHJUHVVLRQ
SKDVH LQ 3660 ZH WDNH IXOO DGYDQWDJH RI FRQWH[WXDO
LQIRUPDWLRQRI5R,V7KHPRWLYDWLRQLVWKDWWKHLQSXWRI5R,
SRROLQJ RSHUDWLRQ LV GHULYHG IURP WKH RULJLQDO UHJLRQ
SURSRVDOV WKDW DUH RXWSXWWHG IURP 531 LQ ZKLFK WKH
LQIRUPDWLRQ RI SHVW PLJKW QRW EH FRPSOHWHO\ FRYHUHG ,Q
WKLV FDVH VRPH VXSSRUWLYH FRQWH[WXDO LQIRUPDWLRQ WKDW
FRXOGKHOSERXQGLQJER[HV ILQHWXQLQJZRXOG ORVH OHDGLQJ
WRXQVDWLVILHG UHJUHVVLRQ UHVXOWV7KXVDV VKRZQ LQ)LJ
ZHDXJPHQWH[WUDFRQWH[WXDOLQIRUPDWLRQFDOOHG&RQWH[WXDO
5R,ZKLFKDUHH[SDQVLRQRI WLPHV ODUJHU WKDQRULJLQDO
5R,V7KHQZHDSSHQGDQRWKHU5R,SRROLQJRQ WKHVHH[WUD
FRQWH[WXDO5R,VDQGIXVHWKHWZRUHVXOWV7KURXJKWKLVZD\
WKH FRQWH[WXDO LQIRUPDWLRQ FRXOG EH DGGHG LQWR 5R,V DQG
IXOO\XWLOL]HGDVH[WUDDX[LOLDU\LQIRUPDWLRQIRUEHWWHUUHVXOWV
C. MODEL OPTIMIZATION 
/266)81&7,21$1'237,0,=(5
/RVVIXQFWLRQLVWKHFULWHULRQIRUWUDLQLQJSURFHVV2XUORVV
IXQFWLRQLVGHILQHGDVWKHVXPRIWKHFURVVHQWURS\ORVVDQG
WKHER[UHJUHVVLRQORVV
     > @   
cls regc
L s t L s c L t tO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ZKHUH
c
s 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 ! 
LQGLFDWHV WKDW ZH RQO\ FRQVLGHU WKH ER[HV RI QRQ
EDFNJURXQG WKH ER[ LV EDFNJURXQG LI c   7KLV ORVV
IXQFWLRQ FRQWDLQV WZR SDUWV IRU FODVVLILFDWLRQ ORVV clsL DQG
ERXQGLQJER[UHJUHVVLRQORVV
regL LQZKLFK
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
,Q WHUPV RI RSWLPL]HU WKH PRPHQWXP 6*' >@ LV
FKRVHQ DV RXU RSWLPL]HU ZLWK PRPHQWXP  ZKLFK
XSGDWHVSDUDPHWHUVEDVHGRQRQH VDPSOH DW HDFK LWHUDWLRQ
7KLV RSWLPL]HU FRXOG SDUWO\ NHHS WKH XSGDWH JUDGLHQW DW
SUHYLRXV LWHUDWLRQDQGILQHWXQH WKHILQDOJUDGLHQW ,QRUGHU
WR DYRLG RYHUILWWLQJ SUREOHP ZH XWLOL]H GURSRXW PHWKRG
>@DVZHOODVHDUO\VWRSSLQJVWUDWHJ\>@WRVHOHFWWKHEHVW
WUDLQLQJ LWHUDWLRQ$V WR OHDUQLQJUDWHSROLF\ 
VWHS
 VWUDWHJ\
LV DSSOLHG LQ JUDGLHQW GHVFHQW LQ ZKLFK ZH LQLWLDOL]H
OHDUQLQJUDWHWRDQGWKHOHDUQLQJUDWHZLOOEHGLYLGHG
E\  SHU  LWHUDWLRQV ,Q DGGLWLRQ PLQLEDWFK VL]H LV
VHW WR  DQG WKH QXPEHU RI UHJLRQ SURSRVDOV RI HYHU\
WUDLQLQJH[DPSOHLVDWOHDVW

 ),*85(3URFHVVRI&RQWH[WXDO5R,

21/,1(+$5'(;$03/(0,1,1*2+(0
,QRUGHUWRDFKLHYHHIILFLHQWWUDLQLQJLQRXUWDVNZHDSSHQG
2QOLQH +DUG ([DPSOH 0LQLQJ 2+(0 >@ DV D WUDLQLQJ
H[DPSOH VHOHFWLRQ VWUDWHJ\ WR HQKDQFH RXU OHDUQLQJ
FRQVHTXHQW GXULQJ WUDLQLQJ SKDVH 2+(0 PLQHV KDUG
UHJLRQV IRU PRUH HIIHFWLYH EDFNZDUG SURSDJDWLRQ ,Q
2+(0 DSSURDFK ZH FRPSXWH WKH ORVV RI DOO 1 UHJLRQ
SURSRVDOVIRURQHLPDJHLQIRUZDUGSURSDJDWLRQ7KHQ106
PHWKRGLVDSSOLHGWRVHOHFW%UHJLRQVWKDWKDYHKLJKHVWORVV
EHFDXVH KLJKO\ RYHUODSSLQJ UHJLRQV PLJKW UHVXOW LQ ORVV
GRXEOH FRXQWLQJ SUREOHP 7KHUHIRUH LQ EDFNZDUG
SURSDJDWLRQ WKHPRGHOSDUDPHWHUVDUHXSGDWHGRQO\EDVHG
RQWKHVHVHOHFWHGUHJLRQVZKLOHZHVHWWKHJUDGLHQWVRIRWKHU
1%UHJLRQVWR
,9(;3(5,0(176
A. EXPERIMENTAL SETTINGS 
,QWKLVVHFWLRQZHSUHVHQWVRPHH[SHULPHQWVWRYDOLGDWHWKH
3HVW1HWDUFKLWHFWXUHIRUPXOWLFODVV WLQ\SHVWFODVVLILFDWLRQ
ORFDOL]DWLRQ DQG FRXQWLQJ 2XU FRGHV DUH EDVHG RQ &DIIH
IUDPHZRUNZLWK3\WKRQDQGUXQRQD*H)RUFH*7;7,7$1
; *38 %HIRUH WUDLQLQJ SKDVH ZH HPSOR\ µPLUURU¶ GDWD
DXJPHQWDWLRQ VWUDWHJ\ WKDW DSSHQGV KRUL]RQWDOO\IOLSSHG
92/80(;; 
GDWDZLWKRULJLQDOWUDLQLQJLPDJHVIRUGRXEOLQJGDWDYROXPH
WRHQODUJHGDWDDPRXQWIRUOHDUQLQJPRUHLQYDULDQWIHDWXUHV
7KHUHIRUH ZH FRXOG REWDLQ PRUH H[DPSOHV IRU WUDLQLQJ WR
DYRLG RYHUILWWLQJ SUREOHP ,Q WKH DVSHFW RI H[SHULPHQWV
GHVLJQ ZH WUDLQ IRXU &11 EDFNERQHV ZLWK )DVWHU 5&11
>@WKDWFRQWDLQV531DQGIXOO\FRQQHFWHGQHWZRUN)&DV
WKHEDVHOLQH LQRXUH[SHULPHQWVZKLFK LVRQHRI WKHVWDWH
RIWKHDUW DUFKLWHFWXUHV )XUWKHUPRUH ZH FRPSDUH WKH
SHUIRUPDQFHRIRXU3HVW1HWZLWKDVWDWHRIWKHDUWRQHVWDJH
REMHFW GHWHFWLRQ PHWKRG 66' >@ WKDW LV DOVR D FRPPRQ
FKRLFHLQSHVWGHWHFWLRQWDVN,QDGGLWLRQZHDGRSWWUDQVIHU
OHDUQLQJ>@PHWKRGWRXVH&11EDFNERQHVSUHWUDLQHGRQ
,PDJH1HWGDWDVHWDVRXUPRGHOLQLWLDOSDUDPHWHUV
B. CNN BACKBONES 
,Q RXU H[SHULPHQWV ZH DUH JRLQJ WR FRQVLGHU IRXU &11
DUFKLWHFWXUHV RI GLIIHUHQW FRPSOH[LW\ DV SULRU &11
EDFNERQHV ZLWK RXU &6$ PRGXOH IRU IHDWXUH H[WUDFWLRQ
ZKLFKDUH=)>@9**>@5HV1HWDQG5HV1HW
>@ ZKRVH GHWDLOV DUH VKRZQ LQ )LJ  ZKHUH =) DQG
9**DUHVKDOORZ&11VZKLOH5HV1HWDQG5HV1HW
DUH GHHS &11V ,Q GHHS QHWZRUNV WKDW FRQWDLQ UHVLGXDO
EORFNVZHXVHERWWOHQHFN>@WRUHGXFHFRPSXWDWLRQDOFRVW
E\DGRSWLQJH[WUDFRQYROXWLRQRSHUDWLRQ

),*85(&11EDFNERQHV'HWDLOVLQ3HVW1HW7KHLQWHJHUVIROORZHGE\

&RQY
GHQRWHWKHNHUQHOVL]HV

C. EVLUATION METRICS 
,Q RUGHU WR DFFXUDWHO\ YDOLGDWH RXU PRGHO PHDQ $YHUDJH
3UHFLVLRQP$3LVXVHGDVDPDMRUHYDOXDWLRQPHWULFVWKDW
WDNHVPHDQRI$YHUDJH3UHFLVLRQ$3YDOXHDPRQJFODVVHV
$3YDOXHLVGHILQHGDVWKHDUHDXQGHU3UHFLVLRQ5HFDOO35
FXUYH

  3UFLVLRQF 5HFDOOFCAP c d ³ 
ZKHUHFGHQRWHVWKHFODVV3UHFLVLRQ5HFDOOLVFDOFXODWHGE\
          
TP cPrecision c
TP c FP c
  
          
TP cRecall c
TP c FN c
  
LQ ZKLFKTP  FP DQG FN UHSUHVHQW 7UXH 3RVLWLYH )DOVH
3RVLWLYH DQG )DOVH 1HJDWLYH VDPSOHV UHVSHFWLYHO\ VR WKH
3UHFLVLRQPHDVXUHVWKHVDPSOHVWKDWDUHLQFRUUHFWO\GHWHFWHG
ZKLOH KLJKHU 5HFDOO LQGLFDWHV WKH ORZHU PLVGHWHFWLRQ UDWH
6RWKHP$3FRXOGEHREWDLQHGE\WDNLQJPHDQ
  
c C
mAP AP c
C 
 ¦ 
95(68/76$1'',6&866,21
A. TRAINING LOSS ANALYSIS 
7UDLQLQJ LWHUDWLRQ LV RQH RI WKH PDMRU K\SHUSDUDPHWHUV LQ
3HVW1HW EHFDXVH SURSHU LWHUDWLRQ FRXOG DVVLVW WR DYRLG
RYHUILWWLQJSUREOHP$VLWFDQEHVHHQLQ)LJLOOXVWUDWLQJ
WKH WUDLQLQJ ORVV FXUYHV ZLWK WKH LWHUDWLRQ LQFUHDVLQJ WKH
WUDLQLQJ ORVVHV FRXOG NHHS GURSSLQJ DW DSSUR[LPDWHO\ ILUVW
N LWHUDWLRQVZKLFK LQGLFDWHV WKDWRXUPRGHOVFRXOG OHDUQ
WRGHWHFWWKHSHVWV¶IHDWXUHVZHOODWWKHEHJLQQLQJRIWUDLQLQJ
SKDVH :KHQ QHWZRUNV FRQWLQXH LWHUDWLQJ WKH GHFOLQH RI
WUDLQLQJORVVWXUQVWREHVORZHU'XULQJWKHLWHUDWLRQRIN
WR N WKH PRGHOV EHFRPH WR DFKLHYH FRQYHUJHQFH
7KHUHIRUH ZH FKRRVH N DV WKH EHVW WUDLQLQJ LWHUDWLRQ
SDUDPHWHULQRXUH[SHULPHQWVIRUWUDLQLQJRXUPRGHO,WDOVR
FRXOG EH REVHUYHG LQ )LJ  WKDW GHHS &11 DUFKLWHFWXUHV
FRXOG REWDLQ ORZHU ORVV WKDQ WKH VKDOORZ QHWZRUN =)
)XUWKHUPRUH WKH WUDLQLQJ ORVVHV RI 5HV1HW DV ZHOO DV
5HV1HWDUHPRUHVWDEOHZKLOHWKHUHDUHODUJHIOXFWXDWLRQV
LQWKHFXUYHVRI=)DQG9**QHWZRUNV

 ),*85(  7UDLQLQJ ORVV RQ IRXU GLIIHUHQW DUFKLWHFWXUHV JURXSHG LQWR
µVKDOORZ¶ PRGHOV DQG µGHHS¶ PRGHOV EDVHG RQ WKHLU QHWZRUN¶V GHSWK
7UDLQLQJ ORVV LV FDOFXODWHG E\ VXPPLQJ ORVV DQG ERXQGLQJ ER[
UHJUHVVLRQORVV

B. FEATURE VISUALIZATION 
,QRUGHU WRSURYH WKH OHDUQLQJ FDSDFLW\RI3HVW1HW SDUWRI
IHDWXUHPDSVRXWSXWWHGIURPPLGGOHEORFNVLQ5HV1HW
DUH YLVXDOL]HG LQ )LJ  $V LW LV VKRZQ ORWV RI IHDWXUH
PDSVLQVKDOORZFRQYROXWLRQDOEORFNDUHLQIOXHQFHGE\JULG
OLQHVRIEDFNJURXQGZKLOHRQO\DVPDOOSDUWRIWKRVHFRXOG
ILOWHU WKHREMHFWVZHOO:LWK WKH OD\HUJRLQJGHHSHUSRLQWV
RI SHVWV DUH DFWLYDWHG EHWWHU DQG EHFRPH FOHDUHU ZKLFK
FRXOG QHJOHFW LUUHOHYDQW FRQWHQW DQG H[WUDFW YDOXDEOH
IHDWXUHV RI WKH SHVWV 0HDQZKLOH IHDWXUHV PDSV LQ GHHS
FRQYROXWLRQDO EORFN FRXOG VHSDUDWH WKH REMHFWV DQG WKH
DFWLYDWLRQ YDOXHV RI SRLQWV DUH PXFK EULJKWHU WKDQ
EDFNJURXQG LQ IHDWXUH PDSV $PRQJ WKHVH ILJXUHV LW LV
REYLRXV WKDW 3HVW1HW FRXOG SURJUHVVLYHO\ OHDUQ WKH SHVWV

IHDWXUHVXVLQJGHHS&11
C. PRECISION-RECALL ANALYSIS 
,QWKHH[SHULPHQWDOUHVXOWVRISHVWGHWHFWLRQRQ03'
WR LQYHVWLJDWH WKH IDOVH SRVLWLYHV DQG PLVGHWHFWLRQV 35
FXUYHVFRPSDULQJ3HVW1HWZLWK)DVWHU5&11DQG66'DUH
VKRZQ LQ )LJ  $V LW FDQ EH REVHUYHG LQ )LJ D
92/80(;; 
SUHFLVLRQFRXOGNHHSDKLJKYDOXHLQDVPDOOUDQJHRIUHFDOO
%HVLGHV 3HVW1HW XVLQJ GLIIHUHQW EDFNERQH &11V FRXOG
REWDLQ D ODUJHU SUHFLVLRQ DQG UHFDOO FRPSDUHG ZLWK )DVWHU
5&11 DQG 66' VR 3HVW1HW FRXOG HIIHFWLYHO\ UHGXFH IDOVH
SRVLWLYHV UDWH DV ZHOO DV PLVGHWHFWLRQV UDWH 6SHFLILFDOO\
FODVV  LV UHODWLYHO\ GLIILFXOW WR GHWHFW EHFDXVH WKH 35
FXUYHIRUWKLVFODVVLVIXUWKHUDZD\IURPWKHSRLQW,Q
DGGLWLRQWKHUHLVDVLJQLILFDQWGHFOLQHLQ35FXUYHVRIFODVV
 DQG  ZKLFK LQGLFDWHV WKDW PRUH IDOVH SRVLWLYHV DUH
GHWHFWHG OHDGLQJ WR ORZHU SUHFLVLRQ )XUWKHUPRUH DPRQJ
WKHVHLOOXVWUDWHG35FXUYHV3HVW1HWSHUIRUPVEHVWRQFODVV
ZLWKWKHKLJKHVWLQWHJUDORIWKH35FXUYHZKLFKPHDQV
WKDWDKLJKSUHFLVLRQLQDGGLWLRQWRUHFDOOFRXOGEHREWDLQHG
DWVDPHWLPH

 DRULJLQDOLPDJHV
 EIHDWXUHPDSVIURPVKDOORZFRQYROXWLRQDOEORFN
 FIHDWXUHPDSVIURPGHHSFRQYROXWLRQDOEORFN
),*85(  )HDWXUH PDSV JHQHUDWHG E\ 3HVW1HW XVLQJ 5HV1HW DV
&11EDFNERQH(DFKER[VKRZVLWVFRUUHVSRQGLQJILOWHUUHVSRQVH1RWH
WKDW RQO\ WKH ILUVW  IHDWXUH PDSV DUH YLVXDOL]HG EHFDXVH RI VSDFH
OLPLWDWLRQDQGWKHVL]HVRIIHDWXUHPDSVDUHVKULQNLQJIURPWRSWRGRZQ
DQGWKHILJXUHVKRZVVDPHVL]HIRUEHVWYLHZ
DPHDQ35&XUYHDPRQJDOOWKHFODVVHV
E35&XUYHIRUFODVVF35&XUYHFODVV
G35&XUYHIRUFODVVH35&XUYHFODVV
),*85(0HDQ3UHFLVLRQ5HFDOOFXUYHDPRQJDOOWKHFODVVHVDQGSDUW
RIFXUYHVIRUVRPHFODVVHVZLWKGLIIHUHQWPHWKRGVDQGEDFNERQH&11V
1RWHWKDWRQO\35FXUYHVRIRQO\FODVVHVDUHVKRZQKHUHGXHWRVSDFH
OLPLWDWLRQ
D. MULTI-CLASS PEST DETECTION RESULTS 
7DEOHSUHVHQWV WKHILQDOPXOWLFODVVSHVWGHWHFWLRQUHVXOWV
RQ WHVW VHW RI 03' XVLQJ 3HVW1HW 66' DQG )DVWHU
5&11 ZLWK YDULRXV &11 EDFNERQHV $V LW FDQ EH VHHQ
66'VHHPVWREHDQXQVDWLVILHGDSSURDFK LQSHVWGHWHFWLRQ
WDVNZKLFKFRXOGRQO\REWDLQDQGP$3RQ
SHVWFDWHJRULHV7KLVSKHQRPHQRQFRXOGEHDWWULEXWHGWR
WKH OLPLWDWLRQV RI RQHVWDJH GHWHFWRU VXFK DV LQDGHTXDWH
IHDWXUH H[WUDFWLRQ &RPSDUHG ZLWK RWKHU WZRVWDJH SHVW
GHWHFWLRQ DSSURDFK LW LV FOHDU WKDW 3HVW1HW DUFKLWHFWXUH
FRXOG VLJQLILFDQWO\ RXWSHUIRUP )DVWHU 5&11 XVLQJ =)
QHWZRUN RQ DOPRVW DOO FODVVHV OHDGLQJ WR DURXQG 
LPSURYHPHQW 6LPLODUO\ WKH KRPRORJRXV DGYDQFH DSSHDUV
LQWKHWZRGHHSQHWZRUNV5HV1HWDQG5HV1HWZKLFK
LPSURYLQJDQGP$3UHVSHFWLYHO\7KLVJDLQLV
ODUJHO\GXHWRRXU&6$¶VDELOLW\WRDFWLYDWHWKHFKDQQHODQG
VSDWLDOLQIRUPDWLRQPRUHUDWKHUWKDQVLPSOHIXOO\FRQQHFWHG
OD\HU IRU SHVW UHFRJQLWLRQ ZKLFK LV KHOSIXO WR VXIILFLHQWO\
OHDUQ WKH IHDWXUHV RI SHVWV LQ JOREDO FKDQQHO DQG VSDWLDO
OHYHO)XUWKHUPRUH)DVWHU5&11DQG3HVW1HWPLJKWREWDLQ
ORZHU P$3 RQ VKDOORZ &11 EDFNERQHV EHFDXVH RI ORZHU
TXDOLW\ RI IHDWXUH PDSV LQ VKDOORZ PRGHOV $QRWKHU
REVHUYDWLRQ GHULYHG LQ 7DEOH  LV WKDW DOWKRXJK WKH EHVW
SHUIRUPDQFH RFFXUV LQ 3HVW1HW XVLQJ 5HV1HW ZKLFK
DFKLHYHVGHWHFWLRQSUHFLVLRQZLWKP$3WKHUHGRHV
QRW H[LVW D ODUJH GLIIHUHQFH EHWZHHQ 3HVW1HW ZLWK
5HV1HW DQG WKDW ZLWK 5HV1HW 7KLV PLJKW EH
H[SODLQHG E\ )LJ  ZKHUH WUDLQLQJ ORVVHV RI WKHVH WZR
PRGHOVDUHVKRZHGWREHFORVH LQ WUDLQLQJSKDVH LPSO\LQJ
WKDW PRUH GHSWK RI QHWZRUN FRXOG EH OHVV VLJQLILFDQW LQ
LPSURYLQJSHUIRUPDQFHZKHQPRGHORZQVHQRXJKGHSWK
$SDUW IURP WKHVH UHVXOWV WKHUH DUH REYLRXV GLIIHUHQFHV
ZLWKLQFODVVHVLQ3HVW1HWUHVXOWV6SHFLILFDOO\SHVWVHHP
WR EH WKH PRVW GLIILFXOW WR EH GHWHFWHG LQ LPDJHV ZKLOH
DOPRVW DOO WKH PRGHOV FRXOG ORFDOL]H SHVW  ZHOO HYHQ
XVLQJ=)DV&11EDFNERQH7KLVLVFDXVHGE\WKDWWKHSHVWV
LQ
HDV\
FODVVWDNHVXSDODUJHVL]HFODVVZKLOH
WKH VL]HV RI WKRVH LQ 
GLIILFXOW
 FODVVHV DUH UHODWLYHO\ VPDOO
IRUFODVVZKLFKLPSURYHVGLIILFXOW\WR ORFDOL]H
92/80(;; 
WKHPE\FRPSDULQJ7DEOHDQG7DEOH)XUWKHUPRUH WKH
QXPEHU RI WUDLQLQJ H[DPSOHV ZRXOG DOVR DIIHFW PRGHO
SHUIRUPDQFHZKHUHFODVVHVDQGZKRKROGODUJH
WUDLQLQJYROXPHVDUHGHWHFWHGZLWKPRUHWKDQ$3HYHQ
WKH\ DUH YHU\ WLQ\ REMHFW 0HDQZKLOH 3HVW1HW FRXOG
GUDPDWLFDOO\ LPSURYHGHWHFWLRQDFFXUDF\RI WKHVH 
GLIILFXOW

SHVW VSHFLHV ZKLOH PDLQWDLQ D VWURQJ SHUIRUPDQFH IRU WKH

HDV\
 FDWHJRULHV +RZHYHU LQ VKDOORZ FRQYROXWLRQDO
QHWZRUN=)9**3HVW1HWPLJKWQRWJHWLPSURYHPHQW
LQFODVVGXHWRWKHOLPLWHGQXPEHURI WUDLQLQJVDPSOHV
VDPSOHVIRUFODVV%XW WKLVFDVHGRHVQRWRFFXU
LQ GHHS FRQYROXWLRQDO QHWZRUNV EHFDXVH RI PRUH GHSWK
OHDGLQJWRHIILFLHQWOHDUQLQJVRGHHS&115HV1HWDVZHOO
DV 5HV1HW FRXOG VOLJKWO\ RYHUFRPH WKH VDPSOH
OLPLWDWLRQSUREOHPZLWKDJUHDWLPSURYHPHQW
E. REAL-TIME ANALYSIS 
5HDOWLPHSHUIRUPDQFHLQYHVWLJDWLRQDOVRVKRZVDGUDPDWLF
LPSURYHPHQW RQ ERWK WUDLQLQJ DQG WHVW SKDVH DV 3HVW1HW
FRXOG GHWHFW DQG FODVVLI\ WKH SHVWV IDVWHU 7DEOH  WKDQ
)DVWHU 5&11 )RU )DVWHU 5&11 WKLV LV GXH WR WKH
UHSODFHPHQWRI3660PRGXOHZLWK)&OD\HULQZKLFKIXOO\
FRQYROXWLRQDO OD\HU LQ 3660 PRGXOH KROGV PXFK OHVV
FDOFXODWLRQ WKDQ )& OD\HU 7KLV SKHQRPHQRQ LV PRUH
SURQRXQFHGLQGHHSQHWZRUNVUDWKHUWKDQVKDOORZQHWZRUNV
LQZKLFKWKHWHVWVSHHGRIPRUHWKDQVHFRQGVSHULPDJH
PLJKW UHVXOW LQ PXFK VORZ V\VWHP UHVSRQVH 7KHUHIRUH
3HVW1HWFRXOGJUHDWO\UHGXFHWKHLPSDFWRIWKLVGUDZEDFNLQ
GHHSQHWZRUNVZLWK WKH WHVW VSHHGRIVSHU LPDJH ,Q
WHUPV RI RQHVWDJH GHWHFWRU 66' LV WKH IDVWHVW SHVW
GHWHFWLRQ DSSURDFK DPRQJ WKHVH PHWKRGV GXH WR WKH
GHVLJQHGVWUXFWXUHRIRQHVWDJHGHWHFWRUZKLFKDGRSWVIXOO\
FRQYROXWLRQDO OD\HUV IRU SUHGLFWLQJ SHVWV¶ ER[HV DQG WKHLU
FRUUHVSRQGLQJ FDWHJRULHV LQVWHDG RI XVLQJ 531 +RZHYHU
66'FRXOGQRWGHWHFWDQGFODVVLI\SHVWVLQ03'ZLWKD
SDVVDEOH P$3 VR LW PLJKW QRW EH DSSOLHG LQ SUDFWLFDO SHVW
PRQLWRULQJ
F. DISCUSSSION AND ANALYSIS 
3DUWRIWKHILQDOUHVXOWVDUHYLVXDOL]HGLQ)LJDQG$V
LW FDQ EH VHHQ 3HVW1HW FRXOG DFKLHYH PXOWLFODVV SHVW
GHWHFWLRQ ZHOO XQGHU ERWK VLPSOH DQG FRPSOH[ VFHQDULRV
GHVSLWHVRPHLQWUDFWDEOHFKDOOHQJHVVXFKDVQRLV\LPDJHDQG
WLQ\REMHFWV0HDQZKLOH)LJFLOOXVWUDWHVWKDWVRPHRI
RFFOXGHG SHVWV DUH DOVR ORFDOL]HG DQG FDWHJRUL]HG LQ RXU
PRGHO,QSHVWGHWHFWLRQUHVXOWVXQGHUFRPSOLFDWHGVFHQDULR
RFFOXVLRQ DQG GHQVH SHVW GLVWULEXWLRQ PLJKW EH WKH PDMRU
FKDOOHQJHLQIOXHQFLQJWKHGHWHFWLRQSHUIRUPDQFHRI3HVW1HW
(YHQWKRXJKRXUPHWKRGFRXOGVWLOOORFDOL]HWKHPZHOOZLWK
D IHZ WLQ\ SHVWV PLVVLQJ EHFDXVH RXU &RQWH[WXDO 5R,V
DXJPHQWDWLRQ FRQVLGHULQJ PRUH FRQWH[WXDO LQIRUPDWLRQ RI
HDFK SHVW UHJLRQ WKDW LV KHOSIXO WR ILOWHU SHVWV¶ IHDWXUHV
$QRWKHU GLIILFXOW\ RI FRPSOH[ VFHQDULR LV WKDW QRQWDUJHW
LQVHFWV LQIOXHQFH LQFOXGLQJ EHQHILFLDO LQVHFWV DQG OHVV
KDUPIXO SHVWV WKDW GR QRW QHHG PRQLWRULQJ 3HVW1HW FRXOG
DOVRGLVWLQJXLVKSHVWVIURPWKHVHQRQWDUJHWLQVHFWVEHFDXVH
RISURSRVHG&6$PRGXOHIRUDGHTXDWHIHDWXUHOHDUQLQJ
7DEOH0XOWLFODVV3HVWV'HWHFWLRQ5HVXOWV$3YDOXH

7DEOH7UDLQLQJDQGWHVWWLPHVSHQWSHULPDJHRQGLIIHUHQWPRGHOVVLPDJH
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6SHFLILFDOO\ VRPH W\SLFDO H[DPSOHV DUH VKRZQ LQ )LJ 
LQZKLFKSHVWVIURPWKHVDPHFODVVEXWXQGHUODUJHGLIIHUHQW
SRVHV VXFK DV IURQWDO VLGH DQG EDFN VLGH FRXOG DOVR EH
IRXQG SUHFLVHO\ %HVLGHV 3HVW1HW FRXOG DOVR VROYH WKH
SUREOHP WKDW VLPLODUSHVW LGHQWLILFDWLRQ LQGLIIHUHQW FODVVHV
)LJE
9,&21&/87,21
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